Background: In the last decade, a large amount of microarray gene expression data has been accumulated in public repositories. Integrating and analyzing high-throughput gene expression data have become key activities for exploring gene functions, gene networks and biological pathways. Effectively utilizing these invaluable microarray data remains challenging due to a lack of powerful tools to integrate large-scale gene-expression information across diverse experiments and to search and visualize a large number of gene-expression data points. Results: Gene Expression Browser is a microarray data integration, management and processing system with webbased search and visualization functions. An innovative method has been developed to define a treatment over a control for every microarray experiment to standardize and make microarray data from different experiments homogeneous. In the browser, data are pre-processed offline and the resulting data points are visualized online with a 2-layer dynamic web display. Users can view all treatments over control that affect the expression of a selected gene via Gene View, and view all genes that change in a selected treatment over control via treatment over control View. Users can also check the changes of expression profiles of a set of either the treatments over control or genes via Slide View. In addition, the relationships between genes and treatments over control are computed according to gene expression ratio and are shown as co-responsive genes and co-regulation treatments over control.
Background
A microarray measures the expression of thousands of genes simultaneously. This experimental system has revolutionized biological research by enabling discovery of a large set of genes whose expression levels reflect a given cell type, treatment, disease or development stage. Since the advent of this technology more than a decade ago, a large amount of expression data has been accumulated on more than 100 species [1] . Several initiatives have been undertaken to develop microarray public data repositories and analysis tools for scientists to share and utilize these data [2] . The public data repositories, such as NASC, NCBI GEO [3] , EBI ArrayExpress [4, 5] and NIG CIBEX [6] , have been collecting, annotating, storing and redistributing large amounts of microarray data from diverse experiments. For example, NCBI GEO (http://www.ncbi.nlm.nih.gov/geo/) has collected 366,965 samples from 14,304 experiments. These microarray data are invaluable resources for scientific research and discovery.
Effective utilization of these datasets has, however, been limited because of a shortage of suitable tools to integrate large-scale and diverse microarray datasets. In most common use case, a scientist performs an experiment-based analysis: he or she downloads microarray data and sample annotations corresponding to a single experiment, inputs the data into a microarray dataanalysis tool, such as GeneSpring [2] , HDBStat! [7] , or Bioconductor packages [2] , etc., and carries out singleexperiment centered analysis. In another common use case (e.g. for many gene-centric studies), a scientist wants to know how the expression of a given gene changes under various experimental conditions. The latter case is critically important for discovering gene functions, validating biomarkers, and developing new drugs targeted to specific genes. To answer gene-centric questions, we must have a tool that can be used to integrate a large amount of data from different microarray experiments. Developing such a tool presents several challenges.
The first challenge is the heterogeneity of data collected from different microarray experiments. Different microarray experiments from different laboratories are usually designed independently for specific research purposes. Heterogeneity might come from differences in experimental designs, materials sampled, developmental stages, treatment levels (including controls), and so on. The second challenge is to develop an effective software tool to process such a large amount of data at an acceptable speed with currently available hardware resources (i.e., CPU, memory and network). The third challenge is related to the complexity of displaying or visualizing data in a software tool. Most software tools, when applied to large data sets, display items in an extended page or multiple display pages. Therefore, it is impossible for users to get an overall view of the data on a single page. It is also inefficient and inconvenient for users to scroll display pages to find interesting information from thousands of data items. Thus, it is important to design a data display interface that can show both an overall view of a large-scale dataset in its totality and a detailed view of individual data points.
Genevestigator [8] and GeneChaser [1] are two webbased gene expression visualization tools that have successfully integrated a large number of microarray datasets and facilitated gene-centric and crossexperiment gene-expression discoveries. Genevestigator defines experiment annotation categories as Tissues/ Organs, Developmental Stage, Environmental Factors (Stimulus) and Mutation. The expression data and the analysis results are organized according to these categories. The microarray experiments are discarded if they cannot be classified into one of the predefined categories. GeneChaser, on the other hand, automatically reannotates and analyzes GDS datasets from NCBI GEO. It segregates all experimental conditions (treatment levels) into groups and then performs group versus group comparisons. However, the display systems of both Genevestigator and GeneChaser are limited. These two tools display data with heatmap or bar graphics on a display page with extended dimension or in multiple display pages. Only a limited number of data points can be shown at a time. Users have to scroll down the page to find interesting data points from among hundreds or thousands of total experimental conditions.
The GEB, on the other hand, displays efficiently a large number of data points simultaneously. This has been achieved by developing a set of software tools of data extraction, data management, data annotation, data processing, and gene expression profile search & visualization. This set of software tools can be applied to microarray data in both public and private data repositories. The current public GEB web service (http://www. ExpressionBrowser.com) integrates 301 ATH1 microarray experiments that were originally stored in the data repositories of NCBI and NASC [9] . Arabidopsis, as a model plant, is widely used in various microarray experiments and gene-network modeling [10] [11] [12] . The results and knowledge obtained from Arabidopsis studies can be used as a reference for corresponding research on other plants, especially field crops [13, 14] .
Implementation

Overall design of workflow
The GEB workflow is shown in Figure 1 . Microarray data can be downloaded from public data repositories with the data extraction tool. Alternatively, data owners may upload their data directly into GEB. The data extraction tool harvests raw data files, sample annotations, and experimental designs from data repositories into the GEB data-management system. Data curators use the web-based interfaces of the data-management system to create sample sets by combing all replicated samples in each treatment level into individual groups (i.e. sample sets). Then, the data curators define a T/C by selecting a treatment sample set and a control sample set. In the data-processing pipeline, the microarray data are normalized, and the log2 ratio of treatment-overcontrol (LOG2R) and its t-test P value are calculated. The normalized intensities of each chip, average intensities of each sample set, LOG2Rs and P values of each T/C are loaded into the GEB database, from which the data can be queried via the web-based search & visualization tool.
Affymetrix probe set annotation
The probe sets on Affymetrix ATH1 chip were annotated via the following procedures: (1) Arabidopsis cDNA sequences and annotations were downloaded from TAIR (http://www.arabidopsis.org/) and ATH1 probe sequences were downloaded from Affymetrix; (2) All probe sequences were BLASTed against all cDNA sequences; (3) A probe set was mapped to a cDNA when nine or more probes in the probe set had a 100% match to a cDNA sequence (each ATH1 probe set contains 11 probes); and (4) The annotation of matched cDNA was used as the annotation of the probe set.
Data extraction and management
The data extraction tool was developed using Java with Jakarta Commons Net Library (http://commons.apache. org/net/). The tool is a web crawler that recursively harvests raw data (such as Affymetrix CEL files), sample annotations, and experiment design descriptions from a repository website and then loads them into GEB database. To download data from different repositories, a corresponding plug-in component was developed for each repository. So far, two data extraction plug-ins have been developed for harvesting data from GEO and NASC.
The data-management system was developed for data curators to view and annotate the microarray data extracted from data repositories or submitted by data owners. Data curators annotate the data via the following steps:
First, a data curator creates a sample set by grouping replicated samples from every treatment level. The user interface for defining a sample set is shown in Figure  2A . A sample set name of "Wildtype_no treatment" is given at Name box and two replicates of "Wildtype_no treatment_Rep1" and "Widetype_no treatment_Rep2" are assigned to the sample set by moving them from the left panel to the right panel. Other sample sets in the experiment are created via the same procedure as noted above.
Second, a data curator creates a T/C pair by choosing a treatment sample set and the corresponding control sample set from a drop-down menu ( Figure 2B ). For instance, we selected "ice1_no treatment" as treatment and "Wildtype_no treatment" as control to form a T/C. Then, the curator specifies a name of "ICE1 mutant vs. wild type" at Name box and detailed T/C information is given in Description box at the lower panel of Figure  2B . The control sample set is selected for a given treatment sample set so that only one-factor differs between the treatment and the control. Therefore, the biological effect of the T/C will be clearly distinguished by the differential factor. All possible T/C pairs were created in this way. In the example shown in Figure 2 , a total of 10 T/Cs are defined as follows: 3 T/Cs for cold effects in a mutant (viz. "Ice1 mutant with cold treatment for 3 hr vs. Ice1 mutant with no treatment", "Ice1 mutant with cold treatment for 6 hr vs. Ice1 mutant with no treatment", and "Ice1 mutant with cold treatment for 24 hr vs. Ice1 mutant with no treatment"); 3 T/Cs for cold effects in wild type (viz. "Wildtype with cold treatment for 3 hr vs. Wildtype with no treatment", "Wildtype with cold treatment for 6 hr vs. Wildtype with no treatment", and "Wildtype with cold treatment for 24 hr vs. Wildtype with no treatment"); 3 T/Cs for mutation effects under cold treatment (viz. "Ice1 mutant with cold treatment for 3 hr vs. Wildtype with cold treatment for 3 hr", "Ice1 mutant with cold treatment for 6 hr vs. Figure 1 The schema and workflow of GEB. Microarray data can be downloaded into GEB from public repositories or uploaded into GEB by data owners. GEB is composed of a set of functional components. The major components are the data extractor (a command-line program), the data management system (a web application), the data processing pipeline (a set of command-line programs piped together), a MySQL database, and a web-based search and visualization tool.
Wildtype with cold treatment for 6 hr", and "Ice1 mutant with cold treatment for 24 hr vs. Wildtype with cold treatment for 24 hr"); and one T/C for mutation effects without cold treatment (viz. "Ice1 mutant with no treatment vs. Wildtype with no treatment"). All 10 T/Cs are shown at http://expressionbrowser.com/arab/ displayExperiment.jsp?id=2202517&tab=1. After all treatment levels in each experiment are transformed into T/Cs, different experiments have same data structure and are comparable to one another and are, thus, easily integrated together. As a result, the heterogeneity caused by the differences in experimental designs is removed. The LOG2R of T/C also removes system errors that affect both treatment and control. Therefore, the ratio data generated based on T/Cs can be more instructive and reliable than intensity data generated from treatment levels.
Data processing and data quality monitoring
The GEB data-processing pipeline is composed of four consecutive programs. The first program is for data normalization using the Robust Multichip Average (RMA) algorithm [15] that was implemented in the Bioconductor Affy package (http://www.bioconductor.org/ packages/2.4/bioc/html/affy.html). The second program takes this normalized intensity data as input and computes average intensities, standard deviations, LOG2Rs, and P values of two-sample, two-tailed t-tests. The third program renders JPEG images of MA plots [16, 17] with average intensity as the x-axis, LOG2R as the y-axis, and P value as the color. The images are loaded into the GEB application server (Tomcat) for data display when queried by users. The fourth program computes the mean percentage coefficient of variation (%CV) of all microarray features (genes) in a sample set using the following two steps. First, the standard deviation, mean, and %CV of each feature (gene) in a sample set are calculated: that is, %CV = 100 * (Mean intensity/Standard deviation). Second, the mean %CV of all features in the sample set is calculated. The mean %CV of each of individual sample set is computed via the above procedure; the distribution of all mean %CVs is shown in Figure 3 . Most sample sets have mean %CV between 0.5 and 4.68. There is a long tail to the right side of the distribution, in which the mean %CV ranges from 4.68 to 16. This result indicates that about 10% of the total sample sets have extremely large mean %CV, and thus probably have poor data quality. Mean %CV of a sample set could be used to monitor quality of the sample set because higher mean %CV implies larger variation among the replicated samples in the sample set. Therefore, any finding or conclusion from a sample set with high mean %CV must be interpreted cautiously. We plan to filter out the sample sets with extremely high mean %CV in the future to guarantee the quality of all the data in GEB.
Some microarray experiments in NASC or GEO were discarded because there were no replicated samples or no suitable controls. As of now, there are a total of 301 experiments, 1450 T/Cs, and 33,074,500 LOG2R data points in the Arabidopsis GEB database. Additional data, when available, can be easily entered into GEB. 
Data search and visualization
The Lucene search engine (http://lucene.apache.org/) is used for full-text search. Search index files in GEB are built with the text from gene identifiers, gene symbols, gene annotations, T/C names, T/C descriptions, experiment titles, and experiment descriptions. Genes, T/Cs, and experiments are searchable by matching keywords in the index files.
A 2-layer visualization display is designed to show large-scale data points as both an overall view and a detailed view. This visualization was developed using AJAX technology [18] . The first display layer is a static display (image) generated offline that contains all data points. The second layer is a real-time interactive display built by Web2.0 technology (JavaScript/AJAX). With the 2-layer display, users not only obtain an overall expression profile of the distribution of data points on the static plot, but can also get detailed information on each data point by real-time interactive searching or highlighting. The P value of ratio data is shown by the color of the data. Therefore, data significance level is displayed at the same time as the magnitude of the data is.
Results and Discussion
Full-text search
With full-text searching, users can easily access the information inside GEB. The full text searching method employed by GEB is different from the searching in Genevestigator [8] or GeneChaser [1] , in which only gene identifiers or symbols can be used for searching. Users can obtain expression information from Genevestigator or GeneChaser only when they clearly know the gene names or symbols. In contrast, GEB carries out full-text search for any word or letters for a gene symbol, gene annotation, T/C name, T/C description, experiment title and experiment description. Users can freely explore the expression data with any search term they wish.
The full-text search is implemented in three places. The first is the GEB home page (http://www.Expression-Browser.com), where the user can enter keywords and find three types of information: genes, T/Cs and experiments. The second place is in Gene View (Figure 4) , where users can search T/Cs and investigate how different T/Cs affect the expression of the selected gene. The third place is in the T/C View ( Figure 5 ), where users can search genes and observe how the expressions of these genes are changed by the selected T/C.
Gene View and co-responsive genes
The GEB backend data model is a matrix with two dimensions, genes and T/Cs. Users visualize the expression profiles as a slice along either of these two dimensions: the Gene View displays data points of all T/Cs for a selected gene, whereas the T/C View displays data points of all genes for a selected T/C. Figure 4 illustrates the Gene View. Data points from all T/Cs for a gene are displayed in the MA plot [16, 17] . Here, M, the y-axis, is the log2 ratio of treatment over From a GEB MA plot, users can easily view both the LOG2R changes and also the statistical significance of the LOG2R. Each data point is color coded on the basis of the t-test P value that indicates the significance level of its LOG2R. The data points are coded in blue color when P values are lower than 0.01, in green color when P values are between 0.01 and 0.05, and in yellow color when P values are higher than 0.05. The color-coded data points help users know visually significance levels and reliability of the data. For example, if the data point has both a high-fold change (at the top or bottom of the display) and high P values (P > 0.05, yellow color), it suggests that there may be large systematic or experimental errors among replications so that the results should be interpreted cautiously before conclusion are drawn based on such a data point. Therefore, the location and color of the data points on the GEB MA plot give users a clear view of gene expression in both ratio scale and significance level (reliability).
The MA plot is a JPEG image generated by the offline data-processing pipeline. The image is about 60 K in size, with 480 × 480 pixel dimensions, which allows the image to be loaded from host server to users' browser very quickly so that users can rapidly obtain an overall view of the expression profile of a gene. Most importantly, GEB is equipped with highlighting and search functions that allow users to highlight data points by dragging-and-dropping the mouse and to search data by entering keywords. Figure 4 illustrates how to use the "highlighting window" to locate the up-regulation T/Cs on the MA plot. First, users move the "highlighting window" to cover the data points on the upper panel of the MA plot. The users can resize the window, if needed. The two text boxes to the right of the MA plot are used for listing detailed information about the highlighted data points. Users can click the 'Select' button for any T/C on the upper text box and then the selected T/C will be moved to lower text box. At the same time, the selected T/C is also marked on the MA plot with a small rectangle. This two-layer display solution achieves both a quick overview of an expression profile and a detailed view of the selected data points.
Arabidopsis PR-1 gene, a pathogenesis-related gene [19] , was used as an example of Gene View in Figure 4 . The up-regulation T/Cs selected in Figure 4 are listed in Table 1 . A total of 95 T/Cs were selected when 2fold and P < 0.05 were used as a double cutoff. Among In previous studies, PR-1 was defined as a pathogenesis-related gene that was coordinately activated by pathogen infection and functioned as an indicator of the defense reaction [20, 21] . The silencing of this gene leads to an increase in extracellular β-(1 3)-glucanase activity at the onset of tobacco defense reactions [22] [23] [24] . A decrease in β-(1 3)-glucan deposition in PR-1-silenced lines [22] might cause less deposition of callose that is linked with β-(1 3)-glucan and while the callose deposition is one of the characteristics of defense reactions associated with hypersensitive response of a plant [25] . Morris et al. [26] indicated that chemical induction of maize PR-1 genes increased resistance to downy mildew. The results for PR-1 functions revealed by GEB were impressively consistent with the previous findings. These results strongly suggested that Gene View of GEB would be very useful in genefunction discovery, biomarker validation, and bioprocess identification. Figure 6 represents a screenshot of "Co-responsive Genes" tab in the PR-1 Gene View (http://www. expressionbrowser.com/arab/displayFeature.jsp?id= 1001343&tab=4). The co-responsive relationship of two genes is determined by the following procedure: (1) The up-and down-regulation T/Cs of the two genes are selected using a double cutoff of P < 0.05 and of 2-fold;
(2) the overlap T/Cs that have the two genes selected are then used to compute the overlap percentage; (3) the Pearson correlation coefficient is calculated using the LOG2R of overlapped T/Cs; and (4) a relationship index is calculated using the overlap percentage multiplied by the square of the correlation coefficient. The relationship between the two co-responsive genes is computed with ratio data from T/C with only a single factor differing between treatment and control. Therefore, the relationship between co-responsive genes solely reflects the effect of a biological treatment because the variations caused by most other factors are removed. On the other hand, if the relationship between co-expressed genes is computed with intensity data where multiple factors vary (such as tissue and cell type of sample, biological treatment, sampling methods, such as time and location, experimental methods, such as sample storage, mRNA extraction, or microarray dying, and systematic errors), then the relationship between co-expression genes reflects the mixed effects from biological treatment and these multiple factors. In the list of PR-1 co-responsive genes ( Figure 6 ), impressively, many well-known plant defense-related genes, such as EXLB3, PR-2, Chitinase, PR-5 and AGP5, were found. Among them, PR-2 and Figure 6 The co-responsive genes related to PR-1. The co-responsive genes were listed in the order of their relation index to PR-1 genes. The relation index is a product of the overlap percentage (the percentage of overlapped co-regulation T/Cs between PR-1 and the selected gene) and the correlation coefficient (the Pearson correlation coefficient among the overlapped T/Cs). More co-regulation T/Cs can be found at http:// expressionbrowser.com/arab/displayFeature.jsp?id=1001343&tab=4. PR-5 are considered to have a similar function as PR-1 in systemically acquired resistance (SAR) responses [27] . According to a review on the integrated application of online data mining tools by Meier and Gehring [28] , PR-1, PR-2 and PR-5 were induced by necrotrophic Botrytis cinerea pathogen. The results shown by GEB are consistent with those from previous studies. The consensus results from multiple experiments in GEB provide reliable clues for gene-expression discoveries. Figure 5 represents an example of T/C View of "16 hr Pseudomonas infection." Each data point on the T/C View is the LOG2R of a gene. The MA plot, color codes, two-layer display design, and searching/highlighting functions on the T/C View are exactly the same as those in Gene View described above. The following example shows how to use search function to locate genes in the T/C View. When a string of "PR1 PR2 PR3 PR4 PR5" was used as a search keyword, all genes with any matching word in its annotation are shown in the upper right box ( Figure 5 ). By clicking the 'Select' button on each gene, the gene is moved to the lower box. At the same time, the selected gene is marked on an MA plot with a small rectangle. T/C view provides a condition-centric view of microarray data.
T/C View and co-regulation T/Cs
Though different T/Cs may stimulate different sets of genes, any two different T/Cs may co-regulate a set of genes such that they have similar gene-expression signatures. The co-regulation relationship between two T/Cs can be constructed from the similarity of geneexpression signatures of the two T/Cs. If we click the "Co-regulation T/Cs" tab in the T/C View of "16 hr Pseudomonas infection" (http://expressionbrowser. com/arab/displayPair.jsp?id=2056966&tab=4), a total of 199 co-regulation T/Cs are listed in a table ordered by their "relation index" to the "16 hr Pseudomonas infection" T/C. The calculation of relation index between the two T/Cs is described in the footnote in Table 2 . The T/C of "24 hr Pseudomonas infection" has the closest relationship (with relation index of 0.623816) to "16 hr Pseudomonas infection." This result is easily understood because they are the same treatment with an 8-hour treatment-time difference. The top 80 (of the 199) co-regulation T/Cs of "16 hr Pseudomonas infection" are listed in Table 2 : 29 belong to pathogeninfection, 16 are plant-defense elicitors, and 6 are plant defense-related mutants. It is interesting to note that 3 T/Cs are negatively correlated with the T/C of "16 hr Pseudomonas infection" ( Table 2) . Two of the three T/ Cs are mutants of Enhanced Disease Susceptibility 16 (EDS16) under infection conditions. EDS genes have special function in basal disease resistance to pathogens as well as R genes [29, 30] . Arabidopsis EDS mutants, such as eds1 [31] and eds5 [32] , have lower PR gene-expression level and exhibit higher susceptibility to pathogen infection. The reverse relationship of gene-expression signatures between EDS16 under infection and "16 hr Pseudomonas infection" implies that some pathogen-related genes are either not activated or reduced in EDS16 mutants when they are infected by pathogens. Another T/C negatively correlated with the "16 hr Pseudomonas infection" is caused by "high nitrogen effect". Hoffland et al. [33] reported that high nitrogen application caused higher N concentration in plant tissue, and the effect of tissue N concentration on disease susceptibility was highly pathogen-dependent. They found that disease susceptibility to P. syringae and Oidium lycopersicum was significantly increased with increasing N concentration in tomato tissue [34] . The results obtained from GEB are consistent with the previous independent studies, further suggesting that the results generated by GEB are reliable and the logic/principles implemented in GEB are scientifically sound.
Gene network building has been a hot research topic during the past few years [10, 12, 34, 35] . GEB is not only able to construct gene networks based on the coresponsive relationship described above ( Figure 6 ) but is also able to construct T/C networks based on the coregulation relationship ( Table 2) . Another paper will address the details about constructing gene networks and T/C networks in Arabidopsis.
Slide View
The slide view of genes or T/Cs is designed to help users discover changes in multiple genes under various T/Cs or vice versa. Users can make a slide show to compare a set of T/Cs with multiple selected genes. For example, the user can search T/C conditions in Gene View (Figure 4) by typing "cold" in the search box and then selecting three T/C conditions with cold treatment of 12 hr, 6 hr, and 3 hr from the upper right box to the lower right box. After selecting the three "cold" conditions, the user can also search another three non-related T/Cs, such as "drought," "UV-B" and "wounding" with the same procedure. After the six necessary T/C conditions are selected, the user can click the "[slide]" link and then the six MA plots of T/Cs are shown as slides (Figure 7) . In Figure 7A , the user highlights a certain number of genes by dragging, dropping and resizing the "highlighting window." A total of 51 genes with at least 30-fold increase (LOG2R > 4.9) in 12-hr cold condition are selected. To see how the selected genes are changed in other T/Cs, click the "next slide" arrow, and the next slide will appear. The selected genes in the first slide are still highlighted but the positions of the selected genes Figure 7A ). The fold-changes decreased in 6-hr ( Figure 7B ) and 3-hr ( Figure 7C ) cold treatments. The positions of the 51 selected genes in treatments of drought ( Figure 7D ), UV-B ( Figure 7E ) and wounding ( Figure 7F ) showed less similarity to "12 hr cold treatment". The Slide View is a very simple and powerful visualization tool for scientists to compare their candidate genes and see how the genes behave differently in the T/Cs across studies.
Experiment View
Experiment View shows experiment title, description/ design, lab information, samples, sample sets, biological replicates, and the definitions of T/Cs. This view helps users understand the data in detail. For example, the contents of the Experiment View of "Pathogen Series: Pseudomonas half leaf injection" can be seen at the following link http://expressionbrowser.com/arab/dis-playExperiment.jsp?id=2020113. There are three tabs in the Experiment View. The first tab, called "Details," displays experiment title, description, and other detailed information of the experiment. The second tab "T/C" contains information about the T/Cs in the experiment. The third tab "Samples and Data" contains information about all sample sets, samples and raw data files. Users can download raw microarray data files through the "Samples and Data" tab and then input these raw data into other microarray data-analysis software to analyze the data and to validate the results obtained from GEB.
Conclusions
GEB is composed of a data extraction tool, a microarray data-management system, a data annotation tool, a data-processing pipeline, and a search & visualization tool. The heterogeneity of diverse experimental designs has been greatly mitigated by re-organizing different experimental treatment levels into T/Cs so that crossexperimental data integration is easily achieved. GEB separates data processing from interactive display. It pre-processes data and generates data plot images, and then displays the processed data with a web2.0-based interactive user-interface, according to users' requests. This design allows heavy computing to be done offline, and thus allows a large number of data points to be queried quickly and displayed interactively in real-time. GEB displays all data points in one view so that users do not need to scroll down display pages to obtain the The number of the genes (B) that are significantly changed (2-fold and P value 0.05 as cutoff) 3 The number of overlapping genes (C) between A and B 4 The Overlap Percentage OP = 2*C/(A + B) 5 The Pearson Correlation Coefficient (CC) of LOG2R of the overlapping genes 6 The Relation Index RI = OP *C trend or pattern of gene expressions from all data points. The highlighting and searching functions in Gene View, T/C View, and Slide View greatly facilitate dynamically exploring the data points based on users' interests. As an additional strategy to improve usability, all raw data and calculated data in GEB are accessible via a full-text search engine. GEB also computes relations of co-regulation T/Cs and co-responsive genes. These relations are the foundation for building gene networks and T/C networks.
